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Dublin
Capital of Ireland
Population of the Greater
Dublin Area: 1,661,185

Origins & Tradition
of DIT

• Origins as a Technical
School in 1887
• ‘Practical’ engineering
– Hands-on
– Multi-level
– Aligned with needs of
industry
Engineering @ DIT:
Challenging, Fun & Rewarding

Almost 5,000 engineering
students:
2,000 full-time students
1,200 part-time students
1,500 apprentice students
190 post-grad students

250+ academic staff
12:1 Student/Staff Ratio
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Science and
Engineering Science

Science
• “Science” derives from
Scire (to know)
• Science is a system of
acquiring knowledge,
based on empiricism,
experimentation and
methodological
application
• Scientists ask and answer
‘why’
• Core of Science is
discovery

Engineering

• “Engineer” derives
from Ingeniatorem
• Engineering is
concerned with the
creation and use of
technology towards the
solution of practical
problems
• Engineers ask and
answer ‘how’
• Core of Engineering is
design

“Scientists discover the world that exists, whilst engineers create the world that
never was." Theodore Von Karman – aerospace engineer

Engineering Exemplar 1
• Constructed by a farming
community using simple tools
and materials
• Externally it consists of a large
mound of approx. 0.5 hectares
• There is an internal 19 m long
passage leading to a decorated
chamber
• The roof consists of overlapped
layers of flat stone sealed with
a capstone
Neolithic Passage tomb
(approx 5,000 years old)

Engineering Exemplar 1

Decorated Entrance Stone

Engineering Challenges:
• Sourcing and transport of
suitable materials over large
distances and difficult terrain
• Leak-proof roof (still dry after
5,000 years)
• Coordination of a work-force of
perhaps 400 people working on
cairn for 20 years
• Accurate alignment of roof-box
to achieve penetration of rising
sun at winter solstice
• Construction of 19-m passage
within 200,000 tonnes of stone

Engineering Exemplar 1

21 December - the dawn of a new year

•These Neolithic people
demonstrated ingenuity,
creativity and problem
solving abilities: intuitive
engineers without formal
engineering or scientific
knowledge!
•Empiricists: knowledge
derived from experience
and reflection
•They had a philosophical
outlook upon life, the
hereafter, the forces and
cycles of nature

Engineering Exemplar 2
• Pantheon dates from 125 AD
• 4,535 metric ton concrete
dome
• The thickness of the dome
varies from 6.4 metres at the
base of the dome to 1.2 metres
around the oculus
• The height to the oculus and
the diameter of the interior
circle are the same, 43.3
metres so the interior could
house a sphere 43.3 metres in
diameter
• The Pantheon holds the record
for the largest un-reinforced
concrete dome in history

The interior of the Pantheon by Panini

Engineering Exemplar 3
• Cathedral of Notre Dame began
construction in 1163 AD
• One of the first structures that
used the flying buttress to limit
stress cracks
• Flying buttress allows spaces to be
vaulted

• Flying buttress allows space to be
vaulted
• Load bearing walls can be made
thinner and contain cut-outs

Engineering Exemplar 4

The “Blue Mosque”

• The Mosque of Sultan
Ahmed dates from 1610
AD
• Four enormous piers
dominate the interior
and carry a dome which
is buttressed by four
subsidiary half-domes
• It is noted for its
predominently blue Iznik
tilework

Engineering Exemplar 5

• King’s College Chapel,
Cambridge dates from 1446
• Open, rectangular interior
space: very bright
• Roof span is 15m, with
thickness of only 10cm
• Engineering science
justification for ceiling
strength so thin has waited
over 500 years for
explanation

Engineering Exemplar 6

Rolls-Royce BR710 Jet Engine
Source: http://civil.rolls-royce.com/civil-aircraft-engine-pictures/
Downloaded 15 September, 2006

The Engineering Challenge:
• Build a functioning compressor and
turbine that could both operate at
high rotational speeds and high
temperatures.
• Engineer a mechanism to reliably
keep the turbine shaft linked to the
compressor.
• Develop new materials and new
cooling mechanisms to handle high
temperatures.
• Solve mechanical and
manufacturing issues to handle
high rotational speeds.
• Solve thermodynamics,
compressibility (of the fluid - air),
aerodynamics, suitability of fuel
problems.
• Solve project management and
funding issues.

The Scientific Method

• Science is the discovery of knowledge, a framework to discern
the ‘laws of nature,’ and there is only one such set of laws to
discover
• The pursuit and publication of scientific knowledge has
purposely developed in such a way that there is little ambiguity
in the meaning and verification of scientific statements.
• There is an accepted objective approach to both the language
of science and its notation
• Scientific method ensures that scientists know the right
method or procedure to verify a scientific statement, usually by
collecting and analysing evidence that either supports or
refutes the statement
• Hence the development of the “scientific method” to elicit
scientific knowledge, or truth.

Science and
Engineers

• Engineers are interested in science to the
extent that it can illuminate the methods by
which problems can be analysed or modelled
in order to offer an approach to a solution.
• Engineering science then is that part of
science which provides the engineer with the
physical and mathematical basis to solve
engineering problems.
• The engineer is free to create any solution
that meets the design requirements and
constraints. The output of the engineer is
therefore more arbitrary.

Science and
Engineering Science
Engineering science differs from science for three principal
reasons (Rogers 1983):

1. There is a different purpose in what the scientist seeks to do,
compared to what the engineer seeks to do. For engineering
science the main criterion is that it be adequate for the
underpinning or understanding of the relevant discipline, whereas
science demands accuracy and precision to determine which of
the competing theories should be preferred.
2. The presuppositions for science are different than they are for
engineering. Science is the discovery of knowledge and science
presupposes that there is only one such set of laws to discover.
Engineering presupposes that nature is capable of manipulation
and modification.
3. Economic and social considerations play a much more important
role in engineering than in science

JJ Thomson made a clear declaration of the independent importance of scientific research when he
declared “by research in pure science I mean research made without any idea of application to
industrial matters but solely with the view of extending our knowledge of the Laws of Nature.”

The Engineering
Method

• The engineering method relies on heuristics
(from the Greek word ‘to find’) to guide in the
engineering design process.

– Since the core of engineering is the design process,
such heuristics are therefore of high importance to the
engineer.
– Heuristics used may on occasion be in conflict, may lack
accuracy and may lack solid underpinning of scientific
justification.
– However, the heuristic combined with the engineering
judgement, borne of experience of when that heuristic
can be applied, provides an important tool to the
engineer.

Engineering Heuristics
Challenger disaster in 1986

• With the development of
engineering disciplines,
engineers have added many
important ‘heuristic tools’ to
the engineering toolbox.
These tools include:
–
–
–
–

Engineering judgement
Failure analysis
Risk assessment
Impact assessment (not just
environmental)
– Trial and error
– Standards and Codes and Factors
of Safety
– Rules of Thumb and Orders of
Magnitude

A Model of
Engineering
Statement of what is
to be built or created

Knowledge

Knowledge
refinement

Design Tools

Outcomes

Experience
Good Engineering practice is built on the experience of
applying existing knowledge together with suitable design
paradigms (also a form of knowledge) to produce ‘outcomes’
… which in time contribute to ‘experience’ … leading to
knowledge refinement. This could be called evidence-based
engineering.

Accreditation Criteria
Programmes must enable graduates to demonstrate:
1. The ability to derive and apply solutions from a knowledge of
sciences, engineering sciences, technology and mathematics;
2. The ability to identify, formulate, analyse and solve engineering
problems;
3. The ability to design a system, component or process to meet
specified needs, to design and conduct experiments and to analyse
and interpret data;
4. An understanding of the need for high ethical standards in the
practice of engineering, including the responsibilities of the
engineering profession towards people and the environment;
5. The ability to work effectively as an individual, in teams and in
multidisciplinary settings together with the capacity to undertake
lifelong learning;
6. The ability to communicate effectively with the engineering
community and with society at large.
Engineers Ireland “Accreditation Criteria
for Engineering Education Programmes”
November 2003

+ 3 years
experience
Higher
Certificate
(Level 6)

Ordinary
Engineering
or
Engineering
Technology
Degree

Chartered
Engineer

The Engineering
Ladder @ DIT

+ 4 years
experience

Engineering
Technician

+ 3/4 years
experience

Associate
Engineer

Honours
Engineering
Degree
(Level 8)

YEAR 4

(Level 7)

YEAR 3

YEAR 3

YEAR 2

YEAR 2

YEAR 1

YEAR 1

Leaving Certificate:
Ordinary Level Maths
+
Physical Science Subject

Leaving Certificate:
Higher Level Maths
+
Physical Science Subject
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Traditional Role of the Engineer Traditional Role of the Technologist

From
Mind

Plan
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To
Mkt

• The best technologists, academically, can make excellent
engineers (also a self-selecting process)
• Theoretical concepts build on practical understanding
• Academic progression allows technologists to become
engineers
Conclusion: Progression works!

2. A Time of Change
21st Century Engineering

GRANGEGORMAN
Mountjoy Sq

Cathal Brugha St
Smithfield

Bolton St

Aungier St
Kevin St

Conclusions
1. Engineering, through its core activity of design, is heterogeneous in
nature
2. Engineering is fundamentally different than science in that science asks
‘why’ and engineering asks ‘how’
3. Engineering has strongly leveraged the tools of science, mathematics,
logic, etc. as needed
4. The engineering method is based on the use of heuristics which,
combined with the engineering judgment borne of experience of when
that heuristic can be applied, provides an important tool to the engineer
5. Modern engineers are educated professionals to whom society entrusts
the development of new technologies for the benefit of that society.
6. Engineers accept that trust and conduct their enterprise through a range
of ingenious activities, called the engineering method, while adhering to a
code of ethics to themselves, their profession and to society.

Anonymous Words
of an Engineer
I take the vision which comes from dreams
and apply the magic of science and mathematics,
adding the heritage of my profession
and my knowledge of nature's materials
to create a design.
I organise the efforts and skills of my fellow workers
employing the capital of the thrifty
and the products of many industries,
and together we work toward our goal
undaunted by hazards and obstacles.
And when we have completed our task
all can see that the dreams and plans have materialised
for the comfort and welfare of all.
I am an Engineer
I serve mankind
by making dreams come true.

